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SUMMARY 
A drilling program was initiated in the Lake Bryde Recovery Catchment in June 2002, to 
define the location of the palaeochannel aquifer and determine its potential to be used to 
lower watertables and prevent salinisation of Lake Bryde.  Yield potential was observed at 
each drill site and matched with modelling forecasts.  Those forecasts proposed that the yield 
required to de-water the lake area required a constant flow rate of 3 litres per second (SKM 
2000). 
Five transects were drilled.  Each crossed an extensive palaeo-sedimentary valley and 
weathered granite side slopes.  Piezometers and observation bores were constructed at all 
landscape positions to provide a monitoring network and to characterise the catchment 
regolith.  Particular emphasis was placed on defining the palaeochannel’s location and 
estimating its hydraulic characteristics. 
The profile beneath the main drainage line was found to have deep palaeo-sediments up to 
50 m thick.  Often the main palaeochannel was associated with minor braided channels.  
Groundwater from observation bores was hyper saline (up to 12,500 mS/m).  Yield estimated 
from each drill hole varied between zero and 2 litres per second.  Larger forecast yields, 
expected throughout the palaeochannel, were not achieved due to the fine grain size, high 
clay fraction and an absence of fault or joint fracturing. 
Pumping groundwater to lower the watertable below Lake Bryde will require an extensive 
network of low yielding (0.5-1 L/s) production bores with an associated reduced radial 
drawdown.  Detailed pumping tests and groundwater chemistry will need to be undertaken to 
assess the efficacy of groundwater extraction as a viable water management option for the 
long term. 
Surface water management to re-establish the preferred wetland hydro-period and for lake 
water management may offer a short-term option for Lake Bryde.  Management of the 
flooding and inundation that commonly occurs behind shire roads cross-cutting the 
catchment may reduce recharge and thereby address the potential development and 
expansion of secondary salinity.  Surface water management of agricultural lands in South 
Lake Bryde and Bairstow’s Road catchment will significantly reduce inundation and may 
lessen recharge in the Lake Bryde and Lakelands Reserves. 
Management options will need to be developed and implemented to reduce recharge of the 
East Lake Bryde dunes.  The reason for this is the unknown impact of in situ recharge on the 
surrounding landscape, i.e. will groundwater raise impact on the vegetation or hydraulically 
driven flows impact somewhere down gradient?  Surface water management of the existing 
waterway to prevent surface water entering the reserve would act to divert flow around the 
lake through more clay-rich soils, as described by Griffin et al. (2002), therefore limiting 
recharge potential.  
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1. INTRODUCTION 
The Department of Conservation and Land Management (Katanning, WA) manages the Lake 
Bryde Recovery Catchment project.  Its aim is to conserve and protect the range of species 
and ecosystems found within the valley of the Lake Bryde catchment.  This encompasses a 
series of lakes and wetlands that have significant biodiversity values and contain threatened 
ecological communities (TECs).  The project aims to implement a range of actions, both 
biological and engineering, to ameliorate degradation in these systems. 
This report reviews past work and describes the drilling program initiated to identify the 
location, extent and yield of any palaeochannel system within the Lake Bryde catchment. 
It also provides recommendations that may contribute to the development of a water, salinity 
and biodiversity management strategies for the recovery catchment.   
1.1 Location 
The Lake Bryde Recovery Catchment is located 370 km south-east of Perth.  It covers 
approximately 140,400 ha from the upper catchment to Mallee Hill Road, of which 36 per 
cent is protected reserve or remnant vegetation on farms.  Clearing for agriculture largely 
took place during the 1960s and 1970s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of Lake Bryde catchment landscapes 
LAKE BRYDE PALAEOCHANNEL DRILLING 
 5
1.2 Catchment topography 
The Lake Bryde Recovery Catchment ranges in elevation from 390 m in the Lake Magenta 
Nature Reserve to 288 m throughout the Bryde and Lakeland Nature Reserves.  Much of the 
lower landscape (up to 40 per cent in some sub-catchments) is of low relief and typically less 
than 2 per cent slope.  Farmer et al. (2001) described these areas of low relief as receiving 
landscapes prone to inundation and waterlogging.  The receiving landscapes feature a series 
of freshwater and naturally saline lakes, rarely draining externally.  During large rainfall 
events, these ephemeral lakes connect and drain north-west to Kuender Siding, where the 
Bryde system joins the Lake Grace system. 
Sub-catchments within the study area as identified by Farmer et al. (2001) include East Lake 
Bryde, South Lake Bryde, Lake Bryde, Bairstow Road and Lakelands (Figure 2). 
1.3 Climate 
Lake Bryde has a temperate climate with hot dry summers and winter-dominant rainfall, but 
summer storms sometimes contribute significant amounts of rainfall.  Figure 3 shows 
average monthly rainfall at Lake Bryde. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Lake Bryde Recovery Catchment drilling area sub-catchments (receiving landscapes shown in 
blue) 
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Figure 3. Average monthly rainfall at Lake Bryde 
2. PREVIOUS INVESTIGATIONS 
The Lake Bryde Catchment was established as a Land Conservation District in 1992 due to 
concerns for the development of salinity on farmland and degradation of lake water quality 
(Giraudo et al. 1996).  A range of studies has since been conducted in the catchment and 
surrounds by the Departments of Agriculture, Conservation and Land Management, and 
Environment, private consultants and students from Edith Cowan and Curtin Universities. 
Previous projects have assessed geology, hydrogeology, water supply, vegetation health 
and management options to prevent land and water salinisation.  
2.1 Geology 
The regional geology of the lower Lockhart River Basin and local geology of the Lake Bryde 
catchment were reported by Dodson (1999) and SKM (2000).  Dodson (1999) indicated that 
a granitoid belt of Archean origin underlies the catchment.  A large fault is identified as 
extending from southeast of Magenta Nature Reserve to Kuender in the northwest and 
underlies the chain of lakes between the Lake Bryde overflow and Lakelands Nature 
Reserve.  Giraudo et al. (1996) in their description of the geology of the South Lake Bryde 
catchment, refer to this regional linear feature as the Bryde Fault.  A schematic stratigraphic 
cross-section is shown in Figure 4. 
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Figure 4. Schematic geological-section of the lower Lake Bryde catchment (from SKM 2000) 
A conjugate fault (known as Ryan’s Fault) is inferred by Giraudo et al. to have sheared away 
from the Bryde Fault (1996). However evidence of faulting was not identified or found during 
drilling.  Either the fault does not exist, drill holes were not drilled into the basement to 
sufficiently define the structure or the paleo infill sediments may mask its presence.  The 
north-westerly flowing stream between Ryan’s Road and Bailey Road coincides with this 
fault.  Isolated saline areas were mapped at the convergence of minor streams and the 
stream flowing along Ryan’s Fault.  A further inference, by Giraudo et al. (1996) is the 
Lockhart Shear Zone, following the south-west stream and crossing the hypersaline lake 
south of Lake Bryde Road.  A number of Proterozoic dolerite dykes were also mapped in the 
catchment running parallel to this lake.  No drilling however has confirmed the existence of 
either the Ryan’s Fault or the Lockhart Shear Zone. 
Dodson (1999) described Cainozoic geology of the 1:250,000 Newdegate hydrogeological 
map.  Two Middle to Late Eocene sedimentary formations occur in two north draining 
palaeochannels, named by Beard (1999) as the Pingrup and Lockhart Rivers.  These are 
similar to the Werillup Formation and the Pallinup Siltstone of the Bremer Basin.   
The Werillup Formation consists of quartz sand and grey to brown carbonaceous clay, silt 
and lignite with the coarsest sediment lying above Archaean granitoid bedrock (Dodson 
1999).  The Pallinup Siltstone often overlies the Werillup Formation.  The unit consists of 
multi-coloured siltstone, spongelite and minor sandstone.  Ferdowsian and Ryder (1997) 
noted the presence of both the Werillup Formation and the Pallinup Siltstone in the Mills 
Lake Catchment 40 km south of Pingrup.  The Werillup Formation is thought to have been 
deposited over basement rock in a swampy terrestrial environment.  In the Swan-Avon 
drainage system the Pallinup Siltstone equivalent is blue-grey, grey to pale brown and white 
silty clay with minor quartz sand interlayer.  No spongelites have been identified by Dodson 
in the north draining systems. 
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Dodson (1999) mapped late Tertiary to Quaternary alluvial and colluvial valley-fill sediments 
along the valley floor of the Lake Bryde catchment.  These were mapped as a combination of 
sands, silts and clays with silcrete and calcrete hardpans.  Quaternary alluvium was mapped 
along major creek lines where significant flow events occurred and Quaternary lacustrine 
sediments (gypsiferous clay, silt and sand) were mapped around playas.  Aeolian dunes of 
gypsiferous material to 6 m high were noted around some of these lakes but combined depth 
of Cainozoic sediments was not reported by Dodson (1999) for the Lake Bryde 
palaeochannel.  Previous investigative drilling for groundwater on Ryan’s Road (WRC 2002) 
noted 27 m of predominantly alluvial sediment, without reaching weathered granite. 
2.2 Hydrogeology 
Dodson (1999) described regional hydrogeology of the Newdegate 1:250,000 Sheet.  Within 
the Lake Bryde catchment groundwater has been noted in weathered granite and gneiss, 
sedimentary formations - palaeochannels, creek alluvium and colluvium and aeolian sand 
plain.  Regional watertable elevation and salinity or conductivity was mapped on the 
Newdegate 1:250,000 hydrogeological map.  Limited groundwater data were available for the 
Lake Bryde catchment and therefore only the 320 m groundwater contour was mapped. 
Few isohalines were mapped for the Lake Bryde catchment.  These indicate hyper-saline 
(> 30,000 mg/L) water in the playa areas and around Ryan’s Road.  Fresh water supplies 
were indicated at Holland Rock and Grant-William’s lakes.  Dodson (1999) indicated that 
groundwater flow was likely to be towards the playas and to the north.  Dodson identified a 
few of the lakes in the Lake Bryde Recovery area acting as discharge lakes; for example the 
saline lake on Lake Bryde Road. 
Aquifer yields and salinities based on Dodson’s (1999) review are summarised in Table 1.  
Although no bore yields were available for the Werillup Formation, hydraulic conductivities of 
20-70 m/day have been reported for the Wollubar Sandstone, a formation of similar age and 
composition (Commander et al. 1992). 
Table 1. Aquifer yields and water qualities, after Dodson (1999) 
Aquifer Bore yield (m3/d) 
Salinity 
(mg/L) 
Quaternary alluvium 5 < 1,000 
Quaternary lacustrine Negligible 10,000 – 30,000+ 
Quaternary colluvium 300 < 3,000 
Tertiary - Pallinup Siltstone 40 3,000 – 10,000 
Tertiary - Werillup Formation ? 10,000 – 30,000+ 
Archaean granitoid (weathered) 20 1,000 – 14,000 
A selected chemical analysis of groundwater was undertaken by Dodson (1999).  Five Water 
and Rivers Commission (WRC) bores were sampled in the Lake Bryde Recovery Catchment 
area.  These bores, located on Ryan’s Road, Rosenberg Road, Holland’s Soak Road and 
14-Mile Road; all contained slightly acidic to neutral groundwater (pH 3.3 to 6.8).  Further 
chemical analyses of groundwater were conducted by SKM (2000).  The groundwater 
sampled ranged from pH 3.8 to 7.3 with the more neutral samples taken from around Lake 
Bryde where residual deposits of calcrete occur in the lake banks.   
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Dodson (1999) also noted the predominance of alkaline soil types on the Newdegate sheet.  
Anion and cation analyses from Lake Bryde piezometers indicated sodium chloride dominant 
end-product water (Dodson 1999, SKM 2000).  Samples from shallow bores around Lake 
Bryde have the most neutral groundwater of all the areas sampled.  Salinity of the bores 
ranged from 890 to 59,640 mg/L.  A summary of chemical analyses from Dodson (1999) and 
SKM (2000) is attached in Appendix 1. 
Hydrogeological studies of the Lake Bryde catchment, summarised by SKM (2000), indicate 
that inundation of the alluvial flats and run-off enrichment from saline scalds in the mid-
catchment is the primary mechanism for vegetation decline in the Lake Bryde and Lakelands 
Nature Reserves.  Saline scalds appeared in the mid-catchment prior to 1990 as a result of 
clearing and disruption of the water balance.  While groundwater baseflow and lake overflow 
are not responsible for vegetation decline in Lake Bryde, it is starting to affect several 
claypan lakes in the Lakeland Nature Reserves further downstream. 
Soil profile permeability for the Lake Bryde Recovery Catchment was discussed by Griffin 
et al. (2002).  Their report noted that more than half of the soils in the valley floor units would 
have a moderate to high waterlogging risk due to the prevalence of medium to fine textured 
duplex and clay soils.  Griffin also postulated lower permeability may be the result of the 
closing of macropores after clearing.  The profile permeability of interfluve areas was 
suggested to be higher, but not uniform due to large areas of upland grey clay and dolerite.  
This area was considered to generate large amounts of run-off.  Laterite crests of sand, 
sandy gravel and gravelly earth were suggested as areas that might contribute to direct 
catchment recharge. 
The East Lake Bryde catchment is comparatively less degraded than Lake Bryde.  Breheney 
(1995) found that the salinity of saturated sediment cores evaluated over a 28 day period 
from Lake Bryde was over seven times greater than that of cores from East Lake Bryde.  
Vegetation decline between 1988 and 1995 was more pronounced in the Lake Bryde 
Reserve compared to the East Lake Bryde Nature Reserve.  Mansell (1995) suggested 
reasons for these differences including: 
1. a lower percentage of clearing in East Lake Bryde catchment; 
2. later clearing in the East Lake Bryde catchment;  
3. no saline scalds enrich run-off water into East Lake Bryde; and  
4. East Lake Bryde is surrounded by a complex lunette system that recharges the water 
from the sub-catchment. 
Ferdowsian and Ryder (1997) studied the salinity and hydrology of Mills Lake, a similar fresh 
water body to Lake Bryde.  Mills Lake receives fresh water from catchment run-off which until 
recently, has perched above the regional groundwater table.  Recent groundwater rise has 
put Mills Lake at risk of salinisation.  Lake Bryde is at similar risk to Mills Lake, but more 
importantly it also receives saline run-off from the South Lake Bryde catchment, which may 
reduce the time to salinisation of the lake system. 
2.3 Previous drilling in Lake Bryde catchment 
Three phases of drilling have taken place in the Lake Bryde catchment and surrounding 
areas.  These were farm water supply drilling, geological survey drilling and investigative 
drilling for understanding saline systems. 
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2.3.1 Drilling for farm water supplies 
Lake Bryde catchment was first drilled in 1969 and 1970 to search for fresh water supplies 
for newly cleared land (Davidson 1977).  Later cleared areas east of Lake Bryde and around 
the Magenta Nature Reserve were drilled between 1975 and 1980.  Detailed geological 
information from this period is scarce.  Many holes were recorded as being drilled and 
abandoned dry or salty.  Geological or lithological logs were kept for only a few sites. 
Clearing of the East Lake Bryde catchment did not finish until the early 1980s.  Fresh and 
brackish soaks were observed in sandy lunettes around Grant William’s property.  Drill holes 
to the north (on the former Burges now Cugley farm) were abandoned due to high salinity.  
Granite bedrock was noted at 13 and 30 m below ground level (bgl) for two of the drill holes.  
This catchment has a greater area of sands and gravel soils compared to the South Lake 
Bryde catchment.  Water has not been observed during wet seasons flowing out of deep 
sandplain (dune fields) of East Lake Bryde Reserve (Farmer et al. 2001). 
In the South Lake Bryde catchment, water supply drilling took place along East Road, Bailey 
Road and Ryan’s Road.  East Road was drilled during 1969.  All holes were abandoned ‘dry’ 
although it was noted that the weathered granite clays were suitable for dam construction.  
One hole located bedrock at 23.8 m with 0.6 m of alluvial sand.  ‘Greenshield Soak’, inside 
the Magenta Nature Reserve was noted as a water supply producing ‘six feet’ (1.8 m) of 
water with salinity of 355 mg/L and pH of 6.3.  The Bailey Road area was drilled during 1970 
and all holes were abandoned as ‘saline’.  The Ryan’s Road drill holes were also abandoned 
‘saline’. 
To the south-west of South Lake Bryde catchment water supply drilling took place near 
Featherstone and Day Roads during 1970 (Davidson 1977).  Featherstone Road was drilled 
for dam site suitability and all sites were abandoned as saline.  No logs were available for 
this area.  On Day Road water supply drill holes were abandoned ‘dry’.  Logs for this road 
indicated deep duplex to clay soils.  The clays were characterised as “reddish on the higher 
ground and grey on low ground”, suggesting the influence of shallow mafic bedrock in the 
form of dykes on the catchment upper slopes.  Two geological logs were recorded in 
Aquabase (WRC 2002) for Day Road.  One log indicated 14.3 m to mafic bedrock with a 
maximum of 3 m of sedimentary topsoil.  The second log was recorded as a weathered 
granite profile to bedrock at 22.3 m. 
Dodson (1999) reported that groundwater with sufficient supply and potable water 
(< 1000 mg/L) was very limited in the Newdegate 1:250,000 area.  Potable groundwater 
has only been found in sandplain soaks and in quartz-rich grits around significant granite 
outcrops.  Early water supply drilling in the Lake Bryde catchment near Newdegate road 
during 1969 and 1970 did not find water.  Later drilling during 1979-80 found saline water 
at 15 to 18 m. 
Early drilling of the upland areas in the Lakelands and Bairstow Road catchments found little 
water.  Most holes were abandoned ‘dry’.  Bedrock depth was as much as 35 m.  Several 
fresh to brackish soaks were developed on the Holland’s Soak Road area during a 1979 
investigation.  One fresh water bore was developed for livestock use and is still in use today.   
This area is dominated by a large granite outcrop, surrounded by high recharge sands. 
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2.3.2 Geological survey drilling 
The Geological Survey of Western Australia undertook a drilling project in 1995 for geological 
and hydrogeological mapping.  All of the sites drilled in the Lake Bryde area were logged and 
a number of boreholes were cased.  Data for these boreholes (SCR48–59) are included in 
Appendix 2.  Logs for the same bores used in geological transects may be found in Appendix 
6. 
Boreholes SCR48 and SCR49 were drilled close to the Lake Bryde Reserve along Lake 
Bryde Road (WRC Aquabase 2002).  SCR56 was drilled approximately 200 m south of 
SCR48 and SCR49.  This hole was located along the creekline drain on Martin Ryan’s 
property.  SCR55, located on Grant-Williams Road was drilled to 27 m and cased with 
50 mm PVC.  Bedrock was not encountered at that depth. 
Five boreholes SCR50–54 were drilled as a transect along Ryan’s Road cutting across the 
main flow path.  SCR50 and SCR53 were PVC and steel-cased.  Sediments were quite 
coarse at SCR50 and production rate was estimated at 9.8 L/s.  This production rate is 
thought to be an over-estimation, given the yield from other production bores in the eastern 
wheatbelt. 
Another hole was drilled on East Road (SCR59) through a predominantly weathered rock 
profile to a gneissic basement at 36 m.  SCR 57 was drilled in the vicinity of Holland’s Soak - 
Day Road corner to a depth of 21 m and it is unlikely that this hole reached bedrock.  Bores 
SCR 50, 53 and 55 still exist and are monitoring bores. 
2.3.3 Department of Agriculture and CALM hydrogeological drilling 
Five sites were drilled in 1995 near Ryan’s Road and 14-Mile Road (LB1-LB6) to study 
episodic recharge on flood-prone valley floors (Lewis 2000).  Nests of piezometers were 
drilled from 0.5 to 38 m into streambeds, sand seams and clay-rich soils.  Each nest 
comprised a 12-15 m deep piezometer with 2 m of slotted casing, a 4-6 m piezometer and a 
0.4 to 1 m slotted observation bore.  Location and depth details are given in Appendix 3. 
In January 1996 the Department of Agriculture (McConnell, unpublished) undertook a further 
hydrogeological investigation in the Lake Bryde catchment and drilled piezometers LB7 to 
20.  Holes were drilled to the watertable and cased.  Drill logs were recorded on the AgBores 
Database.  Bore details and lithological logs are provided in Appendices 3 and 6 
respectively.  Water levels have been measured at least bi-monthly for the last six years.  
Water pH and electrical conductivity has been sampled every three months.   
Groundwater electrical conductivities from the 14 deep bores (1996) varied from 4,350 to 
6,060 mS/m with an average EC of 4,488 mS/m.  Two shallow bores had an 
EC < 500 mS/m.  The values for EC around Lake Bryde were considerably higher than 
elsewhere in the catchment.  Groundwater EC varied, for the 1995 bores, from brackish to 
salty and the pH varied from acidic (pH 3.5) to neutral (pH 7.0) at the sites east of 14-Mile 
Road. 
In 2000, the Department of Agriculture (Nott, unpublished data) undertook an additional 
hydrogeological investigation of the East Lake Bryde catchment to evaluate groundwater 
movement and to complement the piezometer network of the South Lake Bryde area.  Eight 
holes were drilled, namely LBE1-8, with details given in Appendices 3 and 6. 
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Nine shallow holes were drilled in 2000, just outside the Lake Bryde inundated area as part 
of a CALM evaluation program (Walker 2001).  These holes were drilled to a maximum of 5.3 
m into aeolian and alluvial lake sediments.  At present the monitoring duration is insufficient 
to determine seasonal and long-term trends.  The average EC of these shallow monitoring 
bores is 5,156 mS/m, with average pH of 6.42. 
At least 40 bores from various drilling programs still exist across the Lake Bryde Recovery 
Catchment.   Very few however are located in valley floor positions and none in the 
palaeochannel.   
2.4 Hydrogeological modelling 
SKM (2000) used DAWA piezometer data to model groundwater flow, salinity risk and 
watertable response to management scenarios in the Lake Bryde catchment.  It was 
estimated that groundwater was rising in the South Lake Bryde sub-catchment by 0.1 to 
0.25 m per year.  Significant upward movements in the hydrograph were attributed to 
episodic summer events.  The mechanism of groundwater recharge was not discussed. 
Field observations suggest that surface run-off and subsequent ponding in upland 
depressions and valley floor areas driven by episodic rainfall was the most likely cause of 
episodic recharge in the South Lake Bryde catchment.  Lewis (2000) cited observation by 
McFarlane et al. (1999) that the valley flats of Lake Toolibin were subject to flooding one year 
in five.  Lewis postulated that rapid hydrograph responses were related to flooding and 
waterlogged conditions experienced following a significant rainfall event.  George and 
Frantom (1990) suggested that both localised flooding and direct macropore flow were 
mechanisms for groundwater recharge in the valley floors of the Central Agricultural Region. 
SKM (2000) simulated rise in groundwater for 2, 5, 10 and 20-year time steps.  Using a  
10-year time step it was estimated that the majority (35-40 per cent) of the valley floor would 
have a watertable < 2 m below the surface.  Most salt lakes would have saline discharge and 
more than 15 per cent of the low-lying areas would be waterlogged.  Recharge reduction was 
shown to impact on the valley floor, but would not reduce groundwater levels quickly enough 
to prevent further salinisation of the valley floor.  Discharge enhancement (groundwater 
pumping) was shown to reduce groundwater levels in localised areas, if pumping rates of 3 
L/s were achieved. Furthermore, it was suggested that three bores (at this extraction rate or 
better) might lower groundwater levels under targeted lakes. 
This drilling project aimed to field test some of SKM’s model outcomes. First, it aimed to test 
the hypothesis that a palaeochannel was present in the Lake Bryde Recovery Catchment.  
Second, it aimed to estimate flow rates from a range of bores across the valley floor for the 
purpose of recommending pumping as an option for reducing watertable below reserves. 
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3. METHODOLOGY 
3.1 Methodology for hydrograph analysis 
The bores located in the South Lake Bryde catchment had six years of regular data collection 
since installation in 1996.  Data from bores 95LB01 to 95LB06 and 96LB07 to 96LB 20 was 
analysed using HARTT to calculate the trends in groundwater levels.  HARTT is a statistical 
technique developed by Ferdowsian et al. (2001) that removes the influence of atypical 
rainfall events from the underlying time trend and the lag between rainfall and its impact on 
groundwater. 
Rainfall data was obtained from the QLD Department of Primary Industries Silo Website.   
A data drill was used to obtain interpolated rainfall data from five separate sites in the South 
Lake Bryde catchment close to Department of Agriculture piezometers.  These data drill sites 
were Lake Bryde, Ryan’s Road near LB07, Bailey Road, East Road and Featherstone Road.  
Interpolated data would have been derived from real weather station data from Pingrup, Lake 
Grace, Newdegate and Jerramungup.  Data from June 1959 to June 2002 were used in the 
HARRT analysis. 
3.2 Drilling methodology 
Drilling was conducted between 10 May and 18 June 2002.  A total of 59 sites were drilled.  
Locations are shown in Figures 4, 6, 8, 10, 13 and 15.  
3.2.1 Piezometer site selection 
The piezometer sites were initially based on flight paths selected for an airborne geophysics 
project.  The geophysics was not flown but piezometer transects were still based on the 
theoretical flight paths orientation.  Transects were also selected to infill previous drill 
programs and enable construction of hydrogeological cross-sections, especially around the 
palaeochannel.  A field reconnaissance was undertaken to complete the site selection.  Sites 
were adjusted or moved during the drilling due to drilling results or for drill rig access. 
3.2.2 Drilling technique 
A private drilling contactor (Orbit Drill) was contracted to drill sites and construct piezometers.  
The three drilling techniques used in the project were Rotary Air Blast Blade, Rotary Air Blast 
Hammer and Rotary Mud. 
3.2.3 Bore construction 
The piezometers were constructed with 50 mm class 12 PVC.  Two metres of slotted casing 
with 1 mm-aperture slots were installed at the bottom and the remainder of the hole was 
cased with plain PVC.  The slotted section was packed with 1.6-3.2 mm washed graded 
gravel.  In the piezometers the aquifer section was sealed off using a bentonite plug.  The 
remainder of each hole, including the observation bores, was packed with drill chips.  In the 
observation bores the aquifer was not sealed with a bentonite plug to allow actual watertable 
to be measured.   All bore tubes were cut to 0.5 m above ground or 1 m if subject to 
inundation.  After completion, all bores were cleaned and developed. 
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3.2.4 Site sampling 
Drill samples were collected at 1 m intervals during drilling.  Chip trays were used to store 
samples for future hydrogeological reference.  These are stored at the Merredin office of the 
Department of Agriculture. 
Groundwater level was measured on completion of drilling and then four weeks after drilling.  
Groundwater samples were collected to measure electrical conductivity and pH. 
Locations (eastings and northings) and elevations of all drill sites were surveyed with a global 
positioning system. 
4. RESULTS 
This section describes the results of the hydrograph analysis and the drilling program as 
described in the methodology section. 
4.1 Hydrograph analysis 
Hydrograph analysis of bores drilled in 1995 and 1996 provided clear evidence for watertable 
rise across the South Lake Bryde Catchment in a variety of landscape positions 
(Appendix 4). 
Piezometer pairs LB01 to LB06 on Smarts’ property and 14-Mile Road were drilled between 
1995 and 2000.  These were all shallow and intermediate bores installed to study episodic 
recharge (Lewis 2000).  Hydrograph analysis was conducted on data derived from 1995 to 
June 2002.  As only one data point was available after 1998, the trend accuracy was not 
statistically significant (R2 varied between 36 and 76 per cent).  A measured rate of rise for 
these piezometers averaged 0.18 m/yr, and varied between 0.11 and 0.24 m/yr (Table 2).  
The delay period for hydrograph response to rainfall within this area varied between 5 and 10 
months. 
Piezometers installed by the Department of Agriculture in 1996 have been monitored 
intermittently since installation.  For some, the dataset contains periods of monthly readings 
interspersed with gaps of several months.  The hydrograph derived for each piezometer 
measured has a general upward trend.  Seasonal peaks and troughs were evident in all 
hydrographs.  Major upward movements appear to be driven by episodic events, such as the 
January 2000 event.  Hydrograph response times to episodic events were variable from 
immediate to an 18 month delay.  Response time can generally be correlated with the 
recharge capacity of the geomorphic unit at the site.  High recharge profiles, such as the 
lunettes around Lake Bryde, show a hydrograph response to episodic rainfall within one 
month while heavy clay profiles show a much slower response. 
A deep piezometer and shallow bore were installed at site DAWA 96LB07, located at the 
corner of Ryan’s Road and Pingrup-Newdegate Road.  The shallow bore was only drilled to 
3.3 m and has remained dry.  The hydrograph of LB07d was analysed using HARRT.  A 
good set of data was available for this piezometer and a groundwater trend calculated 
(R2 = 86.5 per cent).  The rate of rise in groundwater was 0.22 m/yr.  If groundwater were to 
continue rising at this rate, the site might have a watertable within 2 m of the surface by the 
year 2020.  A one-month delay period was calculated for the hydrograph response to rainfall. 
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At sites LB08 and LB09, the rate of groundwater rise was significantly lower than most other 
sites in the catchment.  The shallow hydrographs responded immediately and the deep 
monitoring bores responded within one month of rainfall events, indicating high permeability 
soils.  For site LB09 the delay period is also one month indicating a high recharging site as 
suggested by Overheu (1999).  A reactive peak of almost 1 m occurred within one month of 
the January 2000 high rainfall event.  Both deep and shallow hydrographs display a fall in 
water level for the year following January 2000, relating to the dry seasons in 2001 and 2002.  
Site LB09 is at immediate risk of salinisation due to the watertable nearing the capillary zone.  
LB08 might be at risk within 30 years if groundwater continues to rise at 0.13 m/yr. 
Table 2. HARTT analysis South Lake Bryde Catchment bores 
Bore ID 
 
DAWA 1996 
Landscape 
position 
Response 
time 
(months) 
Corrected 
rate of rise 
(m/yr) 
R2 
 
(%) 
Estimated time 
to 2 m bgl 
(years) 
LB1d Flats 10 0.19 42 Limited data 
LB2d Flats 10 0.17 62 Limited data 
LB3d Flats 5 0.15 67 Limited data 
LB5d Flats 5 0.11 66 Limited data 
LB5s Flats 5 0.24 66 Limited data 
LB6 Flats 5 0.21 77 Limited data 
LB6i Flats 5 0.21 69 Limited data 
LB7d Upper flats 1 0.23 87 18 
LB8d Flats 0 0.13 71 30 
LB8s Flats 1 0.08 86 57 
LB9d Flats 1 0.25 83 2* 
LB9s Flats 1 0.21 86 2* 
LB10d Natural 3 0.18 65 62 
LB12 Flats 3 0.22 96 39 
LB13 Upper flats Dry Dry NA NA 
LB16 Upper shedding 18 0.18 94 108 
LB17d Valley flats 4 0.12 87 48 
LB18 lunette 0 0.26 66 19** 
LB19 lunette 1 0.50 58 5** 
LB20 lunette 1 0.36 77 8** 
* At significant risk of secondary salinisation. 
** May not become saline because of lunette buffer. 
NA Not applicable. 
LB10 is the only bore installed within the Magenta Nature Reserve.  There appears to be no 
risk of salinisation at this site in the short to medium term.  Monitoring should continue at this 
site as the R2 value was low (0.65). 
LB12, located on gentle to level plain (Overheu 1999), has a heavy clay surface.  There is a 
small risk of salinisation within 40-50 years.  Bore LB13, upstream of LB12, has been dry 
since piezometers were installed in 1996. 
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LB16 is located on heavy dolerite clays off Featherstone Road.  A long watertable response 
period results from the low permeability regolith and the area upstream.  The response of 
bores LB12 and LB16 supports the need for surface water control in the upper catchment of 
South Lake Bryde.  LB17d is located in a low recharge level plain (Overheu 1999) along 
Bailey Road.  The risk of secondary salinisation is considered to be very low. 
Bores at sites LB18, LB19 and LB20 are located on lake bank and lunette systems within the 
Lake Bryde Reserve.  All hydrographs for these bores reacted within one month of rainfall.  
LB19 has the highest watertable of the three sites assessed, with groundwater fluctuating 
between 3 and 1.5 m bgl over the past five years.  This implies that groundwater discharge to 
the lake bed may be occurring for a short period of time.  The average watertable level at 
LB19 was 2.33 m bgl.  If groundwater rises at 0.49 m/yr as suggested by the HARTT 
analysis, this site is at very high salinisation risk in the short-term.   
4.2 Hydrogeological drilling in June 2002 
A total of 58 bores were drilled within the Lake Bryde Recovery Catchment.  Most bores were 
located along six transects.  Investigative bores were located off the transects to investigate 
surface/groundwater interaction, to monitor important nature conservation sites and to locate 
community dams. 
4.2.1 Lakeland Nature Reserves 
The Lakeland Nature Reserves are located in the northern valley floor section of the Lake 
Bryde catchment.  They consist of a series of playas or depressions that act to retain and 
store water in a predominantly water-receiving landscape.  In large flood events the lakes 
connect and water flows north-north-west towards Kuender Siding.  Many of the playas 
display signs of salinisation and the lake bed vegetation which previously survived periodic 
fresh water inundation is dying.  This is thought to be caused by the increase in saline 
surface water discharged from the South Lake Bryde catchment.  Saline groundwater 
discharge is also evident in some of the lakes.   
SKM (2000) mapped salinity in farmland to the west of the Lakelands Nature Reserve.  
Farmer et al. (2001) also observed saline areas north-west of Bairstow Road on the 
boundary, along Mallee Hill Road and on private property south-east of the Lakelands Nature 
Reserve. 
Transect 1 
Transect 1 comprised eight boreholes drilled to bedrock on an east-west axis.  These were 
LB04, LB05, LB06, LB07, LB01, LB08, LB03 and LB02 from east to west.  Locations and 
details of these bores may be found in Figure 4 and Table 3 respectively.  Bore LB04 is 
located in the upper catchment shedding landscape (shallow laterite over clay).  Bores LB02 
and LB03 were located on valley flats in the Lakelands sub-catchment and LB05-09 and 
LB01 were located on the valley floor receiving landscape. 
The regolith thickness increases from 8 m at LB04 to a maximum of 43 m at LB05.  
Basement outcrops are visible to the west of LB02 and the geology along the transect is 
characterised by weathered granite profiles, with the medium-grained granite saprolite 
dominated by quartz.  Tertiary and Quaternary sediments increase in thickness towards the 
middle of the transect.  A narrow palaeochannel was identified between the playas at LB01 
where the regolith comprised predominantly alluvial sediment.  Sub-rounded quartz grains of 
varying sizes occur throughout the profile.  To either side of LB07 and LB08, drill profiles 
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contained angular to sub-angular weathered quartz and only a few metres of alluvial 
material.  The regolith cross-section is illustrated in Figure 4. 
Bore LB09 was drilled along the western boundary of the Lakeland Reserve, slightly to the 
south of Transect 1.  This site lies within a small sub-catchment with steep slopes.  There is 
no surface water control on surrounding agricultural land and a small clay pan is the receival 
point for surface water.  Groundwater is also moving toward this site from both east and 
west.  The area around the drill site is at risk of salinisation and already shows sign of 
vegetation decline, due to the confined nature of the sub-catchment and the degree of 
surface water ponding. 
Bores LB02-LB04 did not yield water during drilling.  LB04 has remained dry.  Small 
quantities of water were air-lifted from bores LB05, LB06 and LB08 but it is unlikely 
production quantities will exceed 0.3 L/s.  Bores LB01 and LB07 may yield between 0.5 and 
1 L/s, given that both contain bands of clayey sands.  As both of these sites were drilled 
using the mud rotary method, it is not possible to accurately estimate the actual yield of the 
sedimentary aquifers. 
Water levels, electrical conductivity and pH of bores drilled in Transect 1 are presented in 
Table 3.  Water level was highest at LB01, LB08 and LB09 with readings taken during July 
2002.  Bore LB07 (located on a lunette) had a water level of 3.5 m bgl.  Given that the lake 
bed is at least 1.5 m lower than the dune, the lake is at high risk of further salinisation.  Site 
LB05 is not currently at risk of salinisation in the short-term due to the depth to groundwater 
being slightly greater, but these areas need to be monitored to assess changes in water 
levels.  The most saline water (~70,000 mg/L or >11,000 mS/m) was found in the 
palaeochannel.  Water is slightly less saline to the east of the palaeochannel in bores LB05 
(7,770 mS/m) and LB06 (9,760 mS/m).  Groundwater flow is towards LB07 from both east 
and west. 
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Figure 5. Bore locations, Transect 1 Lakeland Nature Reserves 
Table 3. Details of bore holes drilled on Transect 1, Lakelands Nature Reserve 
Bore 
name 
Location 
Easting 
(GDA94)
Northing 
Elevation 
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m pH 
Yield 
**L/s 
Water level
(m bgl) 
July 2002 
LB01 659205 6319285 286.1 42 granite 8,805 7.02 0.5-1 1.55 
LB02 652408 6314239 315.1 28 granite #NA NA 0 Dry 
LB03 654142 6315493 305.4 33 granite   Low 13.56 
LB04 663792 6320792 319.3 8 granite NA NA 0 Dry 
LB05 661338 6319841 290.5 43 saprolite 7,770 6.54 0.3 6.8 
LB06 660466 6319645 286.9 33 granite 9,760 6.45 0.3 3.4 
LB07 659569 6319393 286.6 37 granite 11,200 6.53 0.5-1 3.4 
LB08 658745 6319212 287.0 33 granite 11,095 6.28 0.3 1.7 
LB09 658674 6318032 287.8 33 granite 9,795 7.22 0.3 7.22 
* EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - metres below ground level; # - not applicable. 
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Figure 6. Stratigraphic cross-section, Transect 1, Lakelands Nature Reserve 
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Transect 2 
Transect 2 comprises eight bores: LB50, LB10, LB13, LB11, LB12, LB14, LB15 and LB24 
from west to east.  Piezometers LB50 and LB24 are located within a shedding landscape and 
piezometers LB10, LB11, LB12, LB13, LB14,and LB15 are within the valley floor receiving 
landscape as defined by Farmer et al. (2001) and shown in Figure 6. 
The geology, defined by drilling Transect 2, is characterised by a granite regolith less than 15 
m thick.  A deep alluvial profile (typically 50 m) was identified between sites LB10 and LB14 
(Figure 7).  The presence of a palaeochannel profile was confirmed at Bore LB11.  The 
maximum width of the palaeochannel is estimated to be 200 m. 
Bore LB50 is located within the road reserve on Hollands Tank Road some distance from the 
main group of bores in Transect 2 (Figure 7).  Basement granite was encountered at 26 m 
although drilling continued in fractures for another 3 m (29 m down).  Airlifting produced a 
consistent yield of 2.0 L/s or 172 m3/d.  Although this site could be used as a production bore 
it will not significantly influence water management at the Lakelands Nature Reserve, some 7 
km away.  Within the Lakelands Reserve, bore LB13 also yielded approximately 2 L/s at 
20 m (from a regolith of 45 m) and there was no increase of yield with depth.  Bore LB12 
yielded 1 L/s.  No well-defined fractures or extensive permeable alluvial materials were 
found.  Bore LB11 with 37 m of palaeochannel sediments (Figure 7) yielded approximately 
2 L/s (Table 4). 
Water levels indicated in Table 4 suggest a salinity risk on the western side of the reserve.  
Indeed some vegetation death is also evident along the reserve boundary south of LB10.  
Groundwater pH was neutral in all bores within the transect.  Electrical conductivity was up to 
12,700 mS/m in bores located inside the palaeochannel. 
Summary 
Water level in bores from the two Lakeland transects suggests that the valley floor is at risk 
from rising saline groundwater.  Surface run-off and inundation will continue to contribute to 
vegetation decline in the near future.   LB11 and LB50 have most potential as production 
bores.  LB50 is 6.6 km upslope of Lakelands Reserve and if pumped, is unlikely to influence 
watertables under the reserve. 
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Figure 7. Bore locations, Transect 2. Lakelands Nature Reserve 
Table 4. Details of bore holes drilled on Transect 2, Lakelands Nature Reserve 
Bore 
name 
Location 
Easting 
(GDA94)
Northing
Elevation 
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m  pH 
Yield 
**L/s 
Water level
(***m bgl) 
8/7/02 
LB10 662754 6312725 288.9 7 granite 6,870 7.45 0 1.75 
LB11 663385 6313063 289.1 50 granite 12,120 7.20 2 3.00 
LB12 663584 6313165 289.1 51 granite 12,440 6.86 1 2.75 
LB13 663103 6312907 289.2 45 granite 12,760 6.66 2 2.30 
LB14 664228 6313503 290.5 8 granite 5,985 5.70 0 2.60 
LB15 665054 6313943 292.2 21 granite 3,305 7.08 Low 2.84 
LB24 667041 6314588 315.3 19 saprolite 4,060 7.92 low 4.82 
LB50 658495 6307485 308.8 27 gneiss 4,400  2 12.16 
* EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - Metres below ground level. 
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Figure 8. Stratigraphic cross-section, Transect 2, Lakelands Nature Reserve
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4.2.2 Lake Bryde Reserve 
The Lake Bryde Reserve is located in a valley floor receiving area of the Lake Bryde chain 
(Farmer et al. 2001). Lake Bryde is showing some signs of secondary salinisation due to 
inflow of saline water from saline scalds in the South Lake Bryde catchment.  Breheny (1995) 
reported that lake salinity was in excess of 3,000 mg/L in 1985 and 1994 after concentration 
due to evaporation.  Hydrographs for bores within the Lake Bryde Reserve indicate that 
groundwater rise is in excess of 0.25 m/yr. 
Transect 3 
A transect of boreholes was drilled along Lake Bryde Road.  Six boreholes were drilled to 
bedrock on an east-west axis (LB21, LB38, LB18, LB37, LB17 and LB16) shown in Figure 9.  
Three older bores and their geological logs were also reviewed to aid interpretation (LBE5-6, 
WRC bore SCR57). 
Boreholes were located within a range of soil-landscape units.  LBE5 is located in a water 
shedding landscape on upper catchment duplex soils.  LBE6 and LB21 are located on a clay 
surface valley flats receiving landscape, LB38, LB18, LB37 and LB17 on water receiving 
valley floor and LB16 and SCR57 on upper catchment high recharge areas within the 
shedding landscape. 
The regolith depth increased from 16 m at LBE5 at the eastern end of the transect to a 
maximum depth of 80 m at LB38 (Figure 10).  Bedrock depth then became shallower as land 
steepened towards the west.  Surface outcrop was mapped at Holland’s Tank, west of 
SRC57 (SKM 2000). 
Transect 3 bore profiles were fine-grained weathered granite/gneiss, with quartz dominant 
zones within the weathered regolith and a greater occurrence of micaceous minerals than 
Transect 1 or 2.  The Quaternary and Tertiary sediments deepened towards the centre of the 
Transect where LB18 comprised a sequence of Tertiary Werillup Formation, Quaternary 
alluvium and colluvial sediments. 
Although the deepest profile was found at LB38, the thickest sequence of sediments was 
drilled at LB18.  The centre of the palaeochannel is likely to be here or offset to the west of 
LB38, as shown in Figure 9.  Further west at LB37, the total sedimentary profile decreased, 
and the depth of weathered saprolite increased in comparison to LB18.  Thick alluvial 
/colluvial materials extended over 2 km between LB17 and LB21.  This suggests that the 
Lake Bryde Road and lake area has considerable potential to accumulate groundwater and 
has been a surface water receiving area over a long period of time. 
At LB21 to the east of the deep channel, the regolith was 44 m deep and comprised 9 m of 
Quaternary clays, 8 m of sands and 2 m of grey siltstone.  These materials overlay 25 m of 
weathered granite.   
Sedimentary materials encountered in the profiles of LB17-21 on the transect are similar to 
those described as the Eocene Werillup Formation by Dodson (1999).  On either side of the 
palaeochannel the sediments thin out.  To the west, LB16 was drilled to granite basement at 
39.5 m.  Only 2 m of this profile is sediment.  Further west, SCR57, drilled in 1995 by the 
Water and Rivers Commission, reached gneissic basement at 21 m with 8 m of Quaternary 
and Tertiary sand and clay sediments (WRC 2002).  To the east of the palaeochannel, LBE6 
and LBE5 were drilled to granite bedrock at 24 and 16 m respectively, with 4 m of sediments. 
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Several holes were drilled in and around the Lake Bryde Reserve away from Transect 3 
(Figure 9).  Notes and summary data on these bores may be found in Appendix 5. 
None of the bores drilled in the Lake Bryde area produced large quantities of water during 
drilling.  Fine-grained sediments were present in all sites along the transect and inside the 
Lake Bryde Reserve, suggesting a low permeability palaeochannel.  LB16 was estimated 
from airlifting to yield 0.5 to 1 L/s.  Other bores worth testing include LB18-19, LB21-23 and 
LB38.  Estimates of yields were not possible due to the use of rotary mud drilling for these 
holes. 
Groundwater levels, electrical conductivity and pH are shown in Table 5.  Water level along 
Lake Bryde Road, west of the Bryde inlet was < 2 m bgl during July 2002.  This area is at risk 
of further degradation due to capillary rise and mobilisation of salts to surface.  Vegetation 
decline will continue if inundation is not managed.  At LB16, watertable levels were 5.6 m bgl.  
At the eastern end of the transect watertable levels were 13.4 m bgl at LBE5.  The most 
saline water measured on Lake Bryde Road was from the saprolite aquifer, confined below 
dense lacustrine clays at the hypersaline lake.  Groundwater was highly saline to the north-
east of Lake Bryde.  The palaeochannel aquifer along Lake Bryde Road had an EC between 
9,000 and 10,000 mS/m.  Water was approximately 6,000 mS/m at the outer extremities of 
the transect, near the Yate Swamp (LB25) and on the Kent farm (LB31). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Bore locations, Transect 3, Lake Bryde Reserve 
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Table 5. Details of bore holes drilled on Transect 3, Lake Bryde Reserve 
Bore 
name 
Location 
Easting 
(GDA94)
Northing
Elevation 
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m  pH 
Yield 
**L/s 
Water level
(***m bgl) 
8/7/02 
LB16 665456 6307465 300.3 39.5 gneiss 9,315 6.46 0.5-1.0 5.61 
LB17 667327 6307252 293.7 43 gneiss 9,685 6.83  1.48 
LB18 668496 6307212 293.9 56 gneiss ^ ^  1.00 
LB21 670771 6307814 295.2 44 gneiss 10,130 7.57  2.96 
LB37 667833 6307238 293.7 46.5 gneiss 10,370 6.20  1.54 
LB38 669042 6307208 293.9 80 gneiss 6,150 6.95  1.11 
* EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - Metres below ground level. 
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Figure 10. Stratigraphic cross-section, Transect 3, Lake Bryde Nature Reserve 
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4.2.3 East Lake Bryde Nature Reserve 
The East Lake Bryde Transect consists of seven piezometers, namely LB33, LB34, LB35, 
LB36, LB40, LB41 and LB42 (Figure 10).  All piezometers are within the valley floor receiving 
landscape (Farmer et al. 2001). 
The transect is characterised by a 30-40 m deep weathered granite profile with a narrow 
palaeochannel at LB40 (Figure 11).  The palaeochannel traverses the reserve on the eastern 
boundary.  The area to the west of LB40, towards LB36 is regularly inundated by surface 
water flow from the East Lake Bryde catchment.  Farmer et al. (2001) assumed that this area 
is one of the major inundation and recharge areas for the East Lake Bryde catchment, as no 
outflow has been observed from the reserve. 
Piezometers LB33-36 and LB41 all have weathered granite profiles (see Appendix 6).  All 
holes produced air-lift yields of less than 0.5 L/s.  Piezometer LB42 also has a weathered 
granite profile but its yield (approximately 2 L/s) was enhanced due to the presence of 
fractures within the saprolite.  In this hole, there were large iron-stained chips at 12, 17, 19 
and 21 m, indicating the zone as the main source of groundwater.  A strong sulphur dioxide 
odour was present in the sample from 23–26 m, possibly from iron sulphide or gypsum 
reduction. 
LB40 has an alluvial/colluvial profile to 44 m over weathered to fresh granite.  The 
transported profile consists of lacustrine grey clay, grey sandy clay, carbonaceous silty sand, 
grey-brown silty sand with coarse river stones (up to 40 mm in diameter).  Quartz was the 
major constituent of the river stones.  Beneath the transported material was a weathered 
granite profile.  Granite chip size was small indicating no fracturing and no increase in yield.  
Overall yield for the hole above 39 m was 2.0 L/s.  The hole was mud drilled below 39 m so 
the actual yield change was difficult to determine.   Groundwater levels, electrical 
conductivity and pH of the East Lake Bryde Reserve are shown in Table 6.  High 
conductivities and neutral to alkaline pH values are consistent with lacustrine clays 
preventing the flushing of salts. 
A number of extra bores were placed on the drainage line of the East Lake Bryde catchment.  
Although the majority of soils in this catchment are high recharge sandy gravels, medium to 
heavy soils dominate the drainage line.  Large surface flow volumes are commonly observed 
during significant rainfall events (Farmer et al. 2001).  A stream section was drawn for the 
creek connecting bores LB54, LB53, LB45, LB43, LB42 and LB41 from Magenta Reserve to 
the East Lake Bryde Reserve.  This may be seen in Figure 12.  Locations of LB54, LB53 and 
LB45 may be seen in Figure 15. 
The East Lake Bryde stream section has a regolith thickness of approximately 32 m.  
Typically the weathered profile thickness decreases from the top of the catchment to the 
bottom and the sedimentary profile depth increases.  The alluvial sediment becomes coarser 
downstream.  LB43 is predominantly a clay-rich sedimentary profile, while LB41 and nearby 
LBE1 contain more sand sediment and thicker sandy bands.  This sedimentary assemblage 
suggests that East Lake Bryde catchment valley floor was once contained a high velocity 
stream that conveyed occasional large flows.  Groundwater flow is from south to north and 
mimics topography. 
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Figure 11. Bore locations, Transect 4 East Lake Bryde Nature Reserve 
Table 6. Details of bore holes drilled on Transect 4, East Lake Bryde Nature Reserve 
Bore 
name 
Location 
Easting 
(GDA94) 
Northing 
Elevation
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m  pH 
Yield 
**L/s 
Water level
(***mbgl) 
8/7/02 
LB33 675111 6305713 299.0 36 granite 8,440 6.53 0.3-0.5 5.55 
LB34 676010 6305805 301.9 30 granite 5,540 6.42 0.3-0.5 7.95 
LB35 676710 6306588 298.6 33 granite 9,210 7.20 0.3-0.5 6.5 
LB36 677314 6305978 297.5 33 granite 9,690 7.32 0.3-0.5 4.22 
LB40 679224 6306101 301.4 49.5 granite 4,480 7.28 2 4.61 
LB41 679683 6305615 299.1 32 granite 10,830 7.48 0.3-0.5 3.95 
LB42 680825 6305165 298.5 36 granite 1,250 7.21 2 3.35 
* EC - Electrical conductivity; ** L/s - Litres per second; *** mbgl - Metres below ground level. 
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Figure 12. Stratigraphic cross-section, Transect 4, East Lake Bryde Nature Reserve 
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Figure 13. East Lake Bryde Catchment stream section 
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4.2.4 Ryan’s Road 
Ryan’s Road traverses the Lake Bryde Recovery Catchment approximately midway between 
Lake Magenta and Lake Bryde Reserves.  Large areas of waterlogging and salinity occur on 
the creekline upslope of this road. 
Transect 5 (along Ryan’s Road) consists of two new piezometers, LB48 and LB49 
(Figure 13).  Logs from the DAWA (2000) and WRC (1995) drilling programs were used to 
create a transect cross-section (Figure 14). 
The regolith on this transect consisted of weathered granite overlain by colluvial and alluvial 
sediments.  No palaeochannel was encountered on this transect, although piezometer 
02LB56, off the main transect, showed indications of palaeosediments.  Siltstone and brown 
carbonaceous sandy clay were encountered between 17 and 19 m. 
The most interesting lithological feature in Transect 5 was the silcrete/ferricrete bands.  
Above these bands the clays were dry to damp but directly below the clays were saturated.  
While this seems to suggest the ferricrete or silcrete layer is impervious, experience from 
other areas of the wheatbelt says it is probably leaky and related more to porosity and depth 
to watertable.  Arable land adjoining Ryan’s Road is saline at surface or dominated by barley 
grass and samphire. 
Giraudo et al. (1996) and SKM (2000) suggest a dyke around Ryan’s Road is the cause for 
salinisation.  The drill program consistently produced the 3 or 6 metres of dry to damp clays 
above the silcrete, with no evidence of dykes.  Inundation and waterlogging behind and 
below Ryan’s Road is more likely to be due to a lack of surface flow continuity.  Excess 
recharge at this site is thus the likely cause of the saline expression. 
Table 7 shows details of boreholes drilled on Ryan’s Road.  Piezometers LB48 and LB49 
yielded up to 0.5 L/s and are not considered suitable for production bores.  Groundwater 
from these bores, located in the valley floor, was saline (EC > 5,500 mS/m) and acid (pH 
3.8).  Similar pH levels were noted by WRC (2002) at SCR50 and SCR53 (see Appendix 2).  
Groundwater flow is toward LB48 and LB49.  Flow is also toward LBE4, located in a minor 
stream. 
Piezometer LB51 was drilled as an outlier to Ryan’s Road.  It is characterised by a 
weathered granite profile.  It has 18 m of alluvium and colluvium, 18 m of granite saprolite 
and 3 m of fresh hard granodiorite.  The piezometer yielded 2.0 L/s due to fracturing between 
18 and 36 metres. 
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Figure 14. Bore locations, Transect 5, Ryan’s Road 
Table 7. Details of bore holes drilled on Transect 5, Ryan’s Road 
Bore 
name 
Location 
Easting 
(GDA94) 
Northing 
Elevation
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m  pH 
Yield 
**L/s 
Water level
(***m bgl) 
8/7/02 
LB48 676813 6301601 297 16 granite 7,440 3.84 0.3-0.5 1.14 
LB49 670414 6302207 297 27 granite 5,670 3.76 0.3-0.5 0.98 
* EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - Metres below ground level. 
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Figure 15. Stratigraphic cross-section, Transect 5, Ryan’s Road 
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4.2.5 East Road 
East Road runs east-west across the upper landscape of the South Lake Bryde and East 
Lake Bryde catchments.  It traverses water-shedding landscapes, water-accumulating valley 
flats and a small area of high recharge uplands.  This part of the catchment is dominated by 
Lake Magenta Nature Reserve and is not affected by salinisation.  Four Department of 
Agriculture piezometers are located on East Road in the South Lake Bryde catchment.  LB14 
is located to the west on water-shedding dolerite clay.  LB12 is located on the drainage flat 
between North Needlup Road and the Lake Magenta Nature Reserve.  LB10 is located on 
the main stream through Lake Magenta Nature Reserve and LB11 is located on the eastern 
side of the catchment within the reserve.  Other bores drilled on East Road include SCR59, 
near the reserve boundary and drought relief bore 2144 east of LB14.  Both of these were 
abandoned dry. 
Three new bores were drilled on East Road to complete an existing transect and understand 
hydrogeology (Figure 15).  LB52 is located in a shallow duplex soil (shedding environment) 
at the corner of North Needlup and East Roads.  Sites LB53 and LB54 are also located in a 
shallow duplex shedding environment within the Lake Magenta Nature Reserve in the East 
Lake Bryde catchment.  The East Road transect is a typical upper catchment stratigraphic 
cross-section across crests, simple slopes and ephemeral creek flats (Figure 16). 
The East Road transect crosses weathered granite and gneissic profiles overlain by a 
skeletal layer of sediment, increasing in thickness towards the creek.  Regolith depth varied 
from 18 to 31 m and appeared to be unrelated to position on the crests, slopes or flats.   
At the west end of Transect 6, DAWA piezometer LB14 was drilled 30 m into weathered 
dolerite.  The regolith comprised 1 m of grey sediment over 25 m of weathered dolerite clays 
and 4 m of hard mica-rich saprolite.  Bore 2144 was drilled to bedrock at 24 m, through 
brown and yellow sandy clays.  Although information is limited for this hole, it is likely to be a 
weathered mafic profile. 
LB52 was drilled to gneissic basement at 18 m.  The regolith comprised 16 m of sandy 
saprolite with large pockets of mica and fragments of granite and schist.  LB12 located 
slightly downstream to the east of LB52 was drilled 27 m to a granite basement.  The profile 
comprised 4 m of sediment overlying kaolinitic clays and fine mica-rich saprolite.  On a crest 
between two drainage lines, SCR59 was drilled to metamorphic bedrock at 36 m with a 
similar profile to LB52.  LB10 appears to have been drilled into saprolite at 20 m without 
reaching bedrock. 
Coarse grits were encountered from 16 m, with a change in soil colour.  LB11 was drilled to 
granitoid basement at 31 m with coarse saprolite (including mica and feldspars) starting at 20 
m.  Cemented clay, possibly silcrete, was present in the top 2 m.  Presumably the thickness 
of sedimentary material would be greater in the creek flat between LB10 and LB11, as it acts 
as a depositional landscape for eroded soils from the rim of the catchment.   
LB53 was the only hole drilled in the East Lake Bryde catchment on Transect 6.  The regolith 
was 31.5 m deep with 2 m of heavy clay sediment over 13 m of kaolinitic clay, 10 m of 
coarse quartz saprolite and 6.5 m of fractured granite. 
Groundwater depth has been monitored at sites LB14, LB12, LB11 and LB10 on the East 
Road transect since 1996.  Sites LB14 and LB11 have been dry since installation.  Sites 
LB10 and LB12 have watertables at 13.58 m and 10.6 m bgl and have experienced an 
average watertable rise of 18.3 and 21.8 cm/yr.  Bores LB52 and LB54 were also dry.  Water 
level at LB53 was 24 m during July 2002 (Table 8).  Groundwater flow is towards 96LB10, 
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located on one of the tributaries of the South Lake Bryde sub-catchment.  Site 96LB11 is a 
groundwater divide with flows toward the east (LB53) and west (96LB10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16. Bore locations, Transect 6, East Road 
Table 8. Details of bore holes on Transect 6, East Road 
Bore 
name 
Location 
Easting 
(GDA94)
Northing
Elevation 
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m  pH 
Yield 
**L/s 
Water level
(***m bgl) 
8/7/02 
LB52 665976 6290995 320.3 18 gniess ^ ^ 0 Dry 
LB53 682506 6292078 319.8 31.5 granite ^ ^ 0 24.06 
LB54 682506 6289976 345 27 granite ^ ^ 0 Dry 
* EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - Metres below ground level; 
^ - water sample not obtained due to low flow. 
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Figure 17. Stratigraphic cross-section, Transect 6, East Road 
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5. DISCUSSION 
5.1 Groundwater analysis 
Analysis of hydrograph trends in the South Lake Bryde sub-catchment provided evidence of 
watertable rise across a range of landscape positions and soil types.  The rates and 
mechanisms of recharge however vary at the sites analysed.  The greatest rates of rise were 
observed in the lunette systems of the Lake Bryde Reserve, with an increase of 
0.25-0.50 m/year. Water has concentrated in this area from both direct recharge within the 
extensive dune system and from lateral movement of water from the lakebed.  Vertical 
infiltration of surface water from Lake Bryde may occur but is likely to be very slow due to 
heavy clay sediments in the lake bed.  Lunette hydrographs (LB18-LB20) reacted very 
quickly after a rainfall event, suggesting the rapid rise is the result of rapid recharge through 
the dunes rather than slow recharge through the heavy clay lake bed. 
Lake Bryde itself requires further analysis to determine the effect of inundation and 
groundwater discharge.  Some evidence of groundwater discharge into Lake Bryde was 
noted in May 2002 prior to drilling.  Water seepages were observed at a few places around 
the outside of the lake.  Assumptions used in Section 4.2 are based on drilling samples 
rather than quantitative analysis of surface water inflows, groundwater rise (below the lake 
bed), hydraulics of the lake bed and hydraulics of the lake lunettes.  A series of observation 
bores should be installed around the lunette and on the lake bed and equipped with data 
loggers to observe wetting and drying cycles and watertable trends during periods of lake 
inundation.  Lunette and lakebed recharge potential should be monitored using data logger 
probes to monitor lake depths.  Quantifying recharge and lake salinity (salt accumulation) will 
assist in determining the lakes optimal hydro-period. 
In the dry winter of 2002 groundwater flow was towards Lake Bryde from the East Lake 
Bryde, South Lake Bryde and North-east Lake Bryde sub-catchments.  Groundwater flow 
also occurs across the lake from south (LB23) to north (LB22).  From here it is likely to flow 
west towards the saline lake on the Pingrup-Newdegate Road.  It is unknown whether further 
rise in groundwater in the Lake Bryde Reserve will influence changes to groundwater flow 
direction.  While rates of groundwater rise around Lake Bryde indicate a medium term risk 
(10-20 years), inundation of the lake bed with saline surface water is of more immediate 
concern.  Soil and vegetation decline in the area of Lake Bryde Road is likely to continue.  
The new piezometers installed along Lake Bryde Road will need to be monitored to 
determine trends in groundwater movement. 
According to HARTT analysis, most bores in the South Lake Bryde sub-catchment were 
shown to take months rather than weeks to respond to a rainfall event.  This is consistent 
with the soil assessment study that identified predominantly duplex and clay soils.  Sites 
96LB07, 96LB12 and 96LB17 all display groundwater rise, but have a slow response to 
rainfall events.  This suggests slow recharge during waterlogging and inundation.  Sites 
96LB13-15, 96LB10 and LB52-54 are all dry bores, indicating again that little to no recharge 
is occurring at these sites. To control watertable rise in these areas, surface water 
management and recharge control are required to minimise the potential for inundation.  
HARTT analysis showed that LB09 was at immediate risk of salinisation, while LB08 was at 
risk of salinisation within 30 years.  This area described by Overheu (1999) as a high 
recharge site is likely to respond to a multi-faceted management approach to reduce risk.  
First, surface water needs to be prevented from recharging the sandy seam and second, a 
high water use perennial needs to be used in the sand seam to utilise excess water. 
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The Ryan’s Road area is subject to inundation and waterlogging.  Both surface water and 
groundwater flow is towards this site from the east, south and west.  Drilling indicated there 
may be groundwater perching above silcrete/ferrecrete hardpans, but water levels (see 
Figure 14) do not confirm this.  The estimated yield from LB48 and LB49 was 0.3-0.5 L/s. 
The delay period for the hydrograph response to rainfall within the upper catchment 
(East Road/Magenta Reserve area) indicated that the main recharge mechanism was slow 
vertical percolation due to the inundation and waterlogging of medium to heavy soils. 
Groundwater monitoring in this area needs to continue as an indicator of future risk to Lake 
Magenta Nature Reserve. 
The suggestion by Lewis (2000) that hydrograph response in valley floor piezometers is 
related to waterlogging and flooding following episodic rainfall was not shown at sites LB01 
to LB06 due to the short monitoring period.  However, Lewis’ work provided evidence of 
seasonal perching in shallow sand deposits with no connection to deeper groundwater. 
Little information was available for the East Lake Bryde sub-catchment.  Unlike other sub-
catchments of the Lake Bryde Recovery area, East Lake Bryde contained a higher 
percentage of sandy soils.  Run-off from the upper and mid catchment is thought to be 
absorbed in the East Lake Bryde Reserve.  Further monitoring of this sub-catchment will be 
needed to determine long-term trends in water levels.  Different management strategies will 
need to be employed to reduce recharge of the East Lake Bryde dunes.  This could include 
the prevention of surface water entering the reserve. 
Both Lakeland Nature Reserves are in danger of salinisation in the short to medium term. A 
high watertable, observed across most of the reserve corresponds with lower landscape 
positions and is assumed to be driven by inundation and flooding.  A large percentage of the 
lakes or depressions show some evidence of salinisation with a salt crust at the surface. 
Vegetation shows signs of degradation and is dependent on specific cycles of fresh water 
inundation.  The southern end of the reserve is also showing signs of vegetation decline. 
Water management through this area is required to improve flow continuity and manage 
localised recharge.  Unlike Transect 1, which has available water storage capacity 
(i.e. watertables can continue to rise), Transect 2 seems almost fully saturated 
(i.e. watertables are within 2 m of the surface), and is at immediate risk of salinisation. 
5.2 Palaeochannel pumping potential 
Palaeochannel pumping of the Lake Bryde Recovery Catchment was discussed by SKM 
(2000).  Their modelling suggested that a yield of 3 L/s was required to adequately dewater 
and protect vegetation around Lake Bryde.  While no piezometers drilled in this program had 
flows matching these criteria, many had yields of 2 L/sec using airlift tests in 50 mm cased 
bores.  Pump tests in production or test bores may be needed to establish yields. 
Groundwater pumping has been used to control salinisation of other CALM wetlands.  This 
method however is likely to have little success in the Lake Bryde Recovery Catchment due to 
the low permeability materials encountered during the drilling investigation. 
Near-surface sediments are fine- to medium-grained and have a high clay fraction 
suggesting low transmissivity and high storability.  Low transmissivity suggests that de-
watering below the nature reserves will be localised and require a closely spaced bore field. 
An alternative to pumping is to employ a surface water management approach.  This may 
improve flow continuity in the valley floor and reduce the incidence of in situ recharge. 
A detailed water balance study using modelling needs to be carried out to identify critical 
points.  A study would require analysis of significant rainfall events that generate rainfall run-
off responses.  
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6. RECOMMENDATIONS 
The Lake Bryde Recovery Catchment requires a varied management approach that includes 
assessment the hydro-dynamics of the catchment to determine the short, medium and long-
term impact of management strategies in achieving desired changes to the water balance.  
Management of the groundwater tables through extraction is not considered a viable option 
for the extensive area at risk.  Aquifer tests are required before pumping could be 
recommended from palaeochannels and under specific reserves with high conservation 
value such as Lake Bryde.  Specifically, slug tests are recommended for bores LBE7, LBE8, 
LB21, LB38, LB18, LB37 and LB17 on Lake Bryde Road, LB22, LB23 and LB31 in the Lake 
Bryde Reserve, LB40, LB41 and LB42 in the East Lake Bryde Reserve and LB1, LB7, LB11, 
LB12 and LB13 in the Lakelands Nature Reserve. 
Further drilling is recommended to assess the function of the lake systems, including surface 
and groundwater interactions, the role in salt mobilisation and storage in soil and lake floor 
profiles and to determine the potential risks to internally drained systems in the lower 
catchment and Lakeland Nature Reserves.  This program need not be extensive but should 
provide information on regolith hydrologic function, storage and transmissivity.  Core 
extraction methods are recommended.  If significant results are achieved from slug tests 
further drilling would establish fully slotted production bores to enable detailed pump testing. 
On-going monitoring of existing bores is recommended to determine groundwater trends in 
the Lakelands and East Lake Bryde Nature Reserves.  This will also aid the understanding of 
recharge and run-off responses within the entire catchment. 
The development of two management plans is recommended: 
1. Groundwater Management Plan 
 (i) Reassessment of yields from palaeochannel bores and other specific bores using slug 
tests and pumping test at Lake Bryde. 
 (ii) If pumping is likely, a full geochemical analysis from each bore to determine water 
disposal options (major minerals, metals, rare earths). 
2. Recharge Management 
 (i) Implementation of the Lake Bryde surface water evaluation (Farmer et al. 2001).  
 (ii) Ryan’s Road salinity and flow continuity risk appraised and managed. 
(iii) East Lake Bryde Nature Reserve surface water inflows evaluated and managed. 
(iv) Surface water management established in the South Lake Bryde catchment and areas 
above the Lakelands wetland to allow excess run-off to exit the catchment rather than 
inundate and recharge. 
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8. APPENDICES 
Appendix 1. Water geochemistry data 
Table 9. Summary of water quality analyses 
Bore/ 
well 
Sampler 
and date pH 
EC 
(mS/m) 
TDS 
(mg/L) 
Total 
hardness 
Ca 
(mg/L) 
Mg 
(mg/L) 
Na 
(mg/L) 
K 
(mg/L) 
Fe 
(mg/L) 
HCO3 
(mg/L) 
CO2 
(mg/L) 
Cl 
(mg/L) 
SO4 
(mg/L) 
NO3 
(mg/L) 
SCR50 WRC-99 3.4 7,030 54,900 9,590 280 2,200 15,000 130 2 -  28,000 4,000 - 
SCR53 WRC-99 3.3 6,680 52,900 9,700 590 2,000 15,000 150 1 -  26,000 3,900 - 
SRC57 WRC-99 5.9 823 5,240 1,040 9 250 1,300 210 - 21  2,500 290 - 
Loc574 WRC-99 6.5 1,660 10,700 1,490 59 330 3,200 34 - 150  5,400 780 140 
SCR58 WRC-99 6.8 2,010 13,100 1,790 49 400 3,800 52 - 110  6,900 760 - 
10A SKM-00 7.04 7,640 52,870            
LB7I SKM-00 3.91 6,440 42,990  200 2,000 14,000 120 1.3 < 5 < 1 24,000 3,300  
LB8d SKM-00 6.53 170 890  12 30 240 9.5 3.7 75 < 1 390 36  
LB8s SKM-00 4.58 5,830 38,900  510 1,800 14,000 190 29 < 5 < 1 23,000 3,400  
LB12 SKM-00 5.19 5,170 33,970  170 1,600 11,000 95 7.5 < 5 < 1 18,000 2,600  
LB16 SKM-00 6.85 4,670 30,280  270 940 9,800 85 < 0.5 190 < 1 15,000 2,100  
LB17d SKM-00 5.47 5,740 38,200  200 1,800 15,000 130 19 < 5 < 1 24,000 3,300  
LB18 SKM-00 3.81 6,890 47,000  220 2,000 16,000 140 9.4 < 5 < 1 26,000 3,500  
LB19 SKM-00 7.3 7,260 50,040  130 1,700 18,000 110 < 0.5 420 < 1 27,000 3,800  
LB20 SKM-00 7.18 8,000 59,640  690 2,800 19,000 140 < 0.5 300 < 1 32,000 6,900  
SCR55 SKM-00 6.65 1,940 11,500  42 420 4,200 59 < 0.05 85 < 1 6,500 820  
LBE1 SKM-00 6.74 7,700 53,400  190 2,100 18,000 170 3.5 140 < 1 28,000 4,100  
LBE2 SKM-00 3.66 5,680 37,740  33 1,600 12,000 110 5.1 < 5 < 1 20,000 2,800  
LBE3 SKM-00 6.36 4,980 32,320  250 1,100 10,000 200 < 0.5 280 < 1 17,000 2,600  
LBE4 SKM-00 6.26 4,900 32,070  94 1,100 11,000 200 3.2 65 < 1 17,000 2,100  
LBE5 Nott-00  5,500             
LBE6 SKM-00 5.17 6,570 44,580  82 1,500 16,000 220 < 0.5 30 < 1 25,000 3,300  
LBE7 SKM-00 6.52 6,140 41,230  220 1,700 14,000 180 < 0.5 100 < 1 23,000 3,300  
LBE8 Nott-00  7,030             
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Appendix 2. Bore details for geological survey drilling 
Table 10. Bore details for SCR48-SCR59 (extracted from WRC Aquabase 2002) 
Bore 
name 
Location 
Easting 
(GDA94) 
Northing 
Elevation
(m) 
Total 
depth 
(m) 
Base 
material 
*EC 
mS/m  pH 
Yield 
**L/s 
Water level
(***m bgl) 
SCR48 669915 6307498 295 33 Granite     
SCR49 670140 6307498 295 22 Fine sap     
SCR50 669740 6302398 298 27 Alluvium 7,030 3.4   
SCR51 671090 6302398 300 27 Alluvium     
SCR52 672090 6302348 317 19 Saprolite     
SCR53 671590 6302348 310 32 Granite 6,760 3.3  4.32 
SCR54 680090 6301898 310 24 Saprolite     
SCR55 680390 6307498 310 27 Fine sap 1,940 6.65   
SCR56 669990 6307298 300 14 Colluvium 4,000 3.3 1.15  
SCR57 662990 6307598 315 21 Colluvium 9,00 5.9   
SCR58 665640 6302798 310 33 Granite 2,040 6.8   
SCR59 671640 6292198 ~ 312 36 Saprolite 7,190  9.8  
2144 662594 6290051 ~ 340 23.7 Gneiss     
* EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - Metres below ground level. 
 
LAKE BRYDE PALAEOCHANNEL DRILLING 
 44
Appendix 3. Bore details for hydrogeological drilling 
Table 11. Bore details for LB1-LB20 (Department of Agriculture, unpublished data 1996) 
Bore 
name 
Location 
Easting 
(GDA94) 
Northing 
Elevation
(m) 
Total 
depth 
(m) 
Base 
material  
*EC 
mS/m  pH 
Water level
(***m bgl) 
8/7/02 
LB01 667700 6302900 304.3 38    4.32 
LB02 667662 6303074 304.5 14    4.66 
LB03 667486 6303093 304.4 14    4.58 
LB05 664655 6299399 315.4 14    2.57 
LB06 664678 6299387 315.4 14    3.25 
LB07 666967 6301981 306.3 18 Weathered dolerite 6,320 3.4 6.09 
LB08 671869 6296158 303 27 Saprolite 3,490 5.4 5.97 
LB09 670657 6298615 300 24 Fine saprolite 140.6 5.9 2.49 
LB10 674863 6292206 309.7 20 Gneissic saprolite 5,080 4.2 13.58 
LB11 678010 6292180 328.1 31 Gneiss 5,160 5.5 31.45 
LB12 669307 6291872 312.7 27 Granite 4,670 4.6 10.6 
LB13 669342 6290771 328.4 41.2 Granite Dry   
LB14 661622 6290771 343 30 Dolerite Dry   
LB15 659125 6295649 337.6 19 Gneiss Dry   
LB16 665118 6295067 329.1 33 Gneissic saprolite 5,260 5.4 21.38 
LB17 668397 6295511 309.7 32 Granite 5,760 4.1 6.9 
LB18 669732 6308561 294.9 9 Alluvial -aeolian 6,550 3.5 6.76 
LB19 670212 6308585 294.4 6 Alluvial -aeolian 7,170 5.2 3.24 
LB20 670139 6307958 294.6 9 Fine saprolite 8,060 5.7 4.82 
* EC  -  Electrical conductivity; ** L/s  -  Litres per second; *** m bgl  -  Metres below ground level. 
Table 12. Bore details for LBE1-LBE8 (Department of Agriculture, unpublished data 2000) 
Bore 
name 
Location 
Easting 
(GDA94) 
Northing 
Elevation
(m) 
Total 
depth 
(m) 
Base 
material  
*EC 
mS/m  pH 
Water level
(***m bgl) 
8/7/02 
LBE1 679733 6305240 299.8 15 Alluvial 7,410  7.53 
LBE2 679850 6301750 307.3 12 Alluvial 5,310  1.64 
LBE3 678736 6302200 326.2 27 Granite 4,980  22.67 
LBE5    16 Granite 5,500  12.59 
LBE6 679604 6307250 307.2 21 Granite 6,360  6.48 
LBE7 675100 6307250 298.6 15 Alluvial-Aeolian 5,820  4.92 
LBE8 672771 6307814 294.9 24 Alluvial 7,030 0 2.72 
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* EC  -  Electrical conductivity; ** L/s  -  Litres per second; *** m bgl  -  Metres below ground level. 
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Appendix 4. Hydrograph analysis 
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Water levels with accumulative annual residual rainfall for LB8s (1 months delay)
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Appendix 5. Bore details and notes for supplementary drill 
data – Lake Bryde Reserve 
Lake Bryde Road is the location of deep palaeochannel sequences.  There is evidence of 
both ancient swamp deposits and regional faulting. 
The deepest hole drilled along Transect 3 was LB38.  This comprised a large amount of 
micaceous material towards the bottom of the weathered regolith and was rich in small platey 
granitoid chips.  Basement was gneissic and possibly deeply weathered following regional 
faulting. 
The regolith of LB18 comprised 6 m of Qu/T alluvial clays and sands with iron mottling and a 
little non-confining ferrecrete overlying 12 m of dark grey medium to fine sand, 26 m of black 
and brown carbonaceous sand and 11 m of dark grey silty sand.  Only 1 m of material at the 
bottom of the regolith contained granite chips. 
The Werillup Formation, an early Tertiary deposit described by Dodson (1999), was found in 
the sedimentary regolith along Lake Bryde Road extending from LB37, through LB18, LB38 
and LB21.  Sands in the Werillup Formation were sub-rounded to sub-angular, medium to 
fine-grained quartz with variable amounts of lignite and soft carbonaceous material.  The 
texture of the carbonaceous sands was like gritty peat.  Bands of dark grey silty clay with a 
little lignite were often found below the carbonaceous sands, indicating earlier deposition of 
fines.  The horizontal extent of the Werillup Formation along the Lake Bryde Road suggests 
the possible occurrence of a vegetation-rich swamp or marshland. 
Two holes were drilled near the hypersaline lake south-east of Lake Bryde. South-west of the 
lake, site LB19 comprised 2 m of Qu/T aeolian sediment over 13 m of granite clays, 5 m of 
coarse saprolite and 8 m of coarse fractured granite.  LB20, to the north-east of the 
hypersaline lake, was drilled to basement at 39 m.  A 31 m weathered rock profile was 
overlain by 8 m of dense lacustrine clay.  The saprolite of this regolith was magnetite-rich 
gneiss.  While the bedrock at sites LB19 and LB20 appears to have been altered by 
fracturing and metamorphism respectively, there is little evidence to suggest the lake is 
positioned above a major shear zone as postulated by Giraudo et al. (1986). 
LB22 and LB23 were drilled to the north and south of Lake Bryde.  LB22, to the north of the 
lake, was drilled into 21 m of Qu/T sediment (ranging from aeolian sandy clay, mottled clays 
to dense greenish clays) over 39 m of weathered quartz-rich granite.  Indications of current 
watertable were seen in moist soil at 9 m.  LB23, south of Lake Bryde, was similar to LB22 in 
that it was a deep weathered profile of coarse-grained quartz-rich granite.  Qu/T sediment 
was 8 m thick overlying a silcrete layer not observed in LB23. 
A small in-flow channel carries surface water into Lake Bryde from Dyke Road sub-
catchment to the north-east.  The valley flat area of this sub-catchment becomes a flood 
plain on the properties of Garlick and Kent following large rainfall events (Farmer et al. 2001).  
Two lakes and a number of small clay pans act as water detention areas.  LB26 was drilled 
along this channel approximately 200 m from LB22.  A hard layer was hit at 16 m and the 
hole was cased.  It is possible this was silicified sand, as silcrete was encountered at 9 m in 
LB23.  The regolith of LB26 was all sediment with 13 m of mixed Qu/T grey aeolian clays, 
kaolinitic clays, mottled grey/yellow clays and green sandy clays overlying 3 m of grey sandy 
silt. 
LB31, drilled between the Lake Bryde reserve and the Kent’s lakes contains an almost 
identical 18 m Qu/T sedimentary profile to LB26 except for 2 m of calcrete-rich aeolian clay 
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at the top.  The Werillup Formation (Dodson 1999), of brown carbonaceous sand, was found 
between 18 and 29 m, overlying 19 m of weathered granite.  The presence of this formation 
to the north-east of the Lake Bryde Road is a mystery, given that the carbonaceous sand 
was encountered in the 60 m deep profiles of LB22 and LB23. It is possible the 
palaeochannel is braided in the Lake Bryde area, joining downstream of the Lake Bryde 
Reserve. 
Three shallow bores were drilled around the lakes in the Kent and Garlick properties to 
understand surface/groundwater interactions.  LB29, LB30 and LB39 were drilled to 9 m 
through a range of Qu/T aeolian and alluvial sediments.  At each site a mottled zone was 
encountered between 2 and 5 m.  Sands and clays appeared to have been laid down in 
small bands.  Further east on the Dyke Road sub-catchment LB32 was drilled to 42 m.  The 
regolith contained 5 m of Qu/T alluvium/colluvium over 3 m of silcrete and then ferricrete over 
34 m of kaolinitic clays.  Fresh bedrock was not reached at this site due to dense puggy 
saprolite clay. 
Site LB25, near the Yate Swamp north-west of Lake Bryde, was drilled to bedrock at 34 m.  
The regolith comprised 14 m of Qu/T sedimentary profile and 20 m of granite saprolite.  
Sedimentary layers included 2 m of tight clay, 6 m of red mottled sandy clay, 4 m of grey 
sandy clay and 2 m of white quartz sand.  Upstream of the Yate Swamp, LB28I was drilled 
18 m into kaolinitic clay.  The weathered granite profile was overlain by 12 m of Qu/T 
sediment with a confining silcrete between 4 and 5 m.  
Approximately 100 m south of the Lake Bryde Road transect and east of the Lake Bryde inlet 
LB27 was drilled to weathered granite clay at 12 m.  Five metres of mottled clay and sandy 
clay sediments were found overlying kaolinitic clays.  Water and Rivers Commission SCR 56, 
48 and 49 were drilled further south again on Ryan’s property.  The regolith is similar to LB27 
with 5 m of grey clay and red mottled grey clay, 8 m of mottled clayey sands, 2.5 m of 
hardpan silcrete/ferrecrete and 17.5 m of weathered granite to basement at 33 m (including 4 
m of fractured rock).  These sites display little resemblance in regolith to sites on the Lake 
Bryde Road, but are likely to be offset to the east from the main palaeochannel. 
Table 13. Details of bore holes drilled on Transect 1, Lakelands Nature Reserve 
Bore 
name 
Location
Easting 
(GDA94) 
Northing 
Elevation
(m) 
Total 
depth 
(m) 
Base 
material  
*EC 
mS/m  pH 
Water level
(***m bgl) 
8/7/02 
LB19 671369 6305950 292.8 28 Granite 12,915 6.72 3.19 
LB20 672095 6307019 291.9 39 Granite 13,995 7.42 1.04 
LB22 670151 6308740 297.8 60 Granite 12,000 7.02 8.52 
LB23 669801 6307525 294.9 57 Granite 8,680 7.82 4.51 
LB25 668246 6310505 296.1 34 Granite 6,820 7.00 3.35 
LB26 670231 6308790 297.1 16 Granite 7,850 7.42 2.78 
LB27 669798 6307192 294 12 Fine sap 5,710 4.04 2.89 
LB28 669668 6312626 304.6 18 Fine sap Dry  11.64 
LB29 671862 6310262 296.6 9 Alluvial clay 5,480 4.62 3.69 
LB30 671433 6311027 296.7 9 Alluvial clay   4.44 
LB31 671289 6309403 296.9 48 Granite 7,230 8.55 4.75 
LB39 671992 6308484 295.5 9 Alluvial clay   2.82 
EC - Electrical conductivity; ** L/s - Litres per second; *** m bgl - Metres below ground level; # - not applicable. 
